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ABSTRACT

A series of computer programs is under development
for use in the design and evaluation of roll stabiliza-
tion devices. This report is the user manual for the
first program that has been completed. Identified by
the acronym FINCON, the program is based on the work of
Cox and Lloyd published in Volume 85 of the Transactions
of the Society of Naval Architects and Marine Engineers.
FINCON predicts stabilized and unstabilized ship roll
motion, bilge keel and antiroll fin sizing effects, and
the influence of fin controller characteristics by use
of a one degree-of-freedom roll-motion equation. Non-
linear roll damping characteristics, derived from model
experiments or by other means, are incorporated by a com-
bination of equivalent linearization and an iteration
procedure. Results are predicted for short-crested seas
(for stabilizer design purposes) and long-crested seas,
which are described by two-parameter Bretschnieder wave

~spectra.

ADMINISTRATIVE INFORMATION

The development and documentation of the computer program reported

herein is a part of the Conventional Ship Seakeeping Research and Develop-

ment Program (Block SF 43 421 202) and the Ship Performance and Hydrodynam-

ics Program (Block SF 43 421 001) both under Program Element 62543. At

David W. Taylor Naval Ship Research and Development Center (DTNSRDC) it is

identified by Work Units 1504-100, 1507-200, and 1500-104. Authors Susan

L. Bales and Geoffrey G. Cox are DTNSRDC personnel. Author John R. Tucker
is on the staff of Chi Associates, Inc.

INTRODUCTION

Devices such as bilge keels, anti-roll fins, and anti-roll tanks have

been used over the years to reduce the roll motion of naval and commercial

vessels. In recent years, the U.S. Navy has become increasingly involved

in the design and development of suitable roll stabilization devices for

Navy ships. This report provides a user's manual for a computer program

which permits prediction of unstabilized and bilge keel/anti-roll, fin-

stabilized, ship roll motions; bilge-keel and fin-sizing requirements; and

the influence of fin controller characteristics. The program iq known by

the acronym FINCON.
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The need for improved design and performance evaluation tools for

bilge keels, antiroll fins, and their controllers has been recognized by

Cox and Lloyd,1 * who provide the hydrodynamic basis for such investigations.

A comprehensive work, Reference 1 covers such topics as the current state-

of-the-art for bilge keels, fins and tanks, the status of lateral motion

predictions, measures of effectiveness, design practices, and sea state

specifications for design. The computer program described in this report

is based on the procedures detailed in Reference 1.

Reference 1 recognizes the potential need for roll and roll stabiliza-

tion prediction tools throughout the so-called design spiral of U.S. Navy

ships. Hence, the procedures outlined there and used here can be employed

with a very simple descriptor of ship particulars and geometry. Specifi-

cally, modifications to the one-degree-of-freedom roll motion equation of
2Conolly are used to predict ship roll motion, and the required program

input is rather easy to obtain from the data available during early stages

of ship design. For Instance, in addition to specification of sea condi-

tion and ship speed, particulars such as ship length, beam displacement,

transverse metacentric height and radius, natural roll period, and roll

decay coefficients are required. The estimates of these required input

variables can be refined as the design process continues and more accurate

data becomes available through modelexperiments, etc. The manpower and

computer time costs involved in such predictions are relatively low, and

these predictions can be completed quickly in comparison to other sea-

keeping design evaluation procedures.

An added feature of the FINCON program is the capability to recognize

the effect of fin saturation, which occurs in heavy seas, on RMS (root mean

square) roll angle. The approach is based on a refinement of the method

given in Appendix 3 of Reference 1, and specific details of this improve-

ment will be published in a future report currently under preparation by

Cox.

*A complete listing of references is given on page 59.
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PROGRAM ORGANIZATION

FINCON, written in extended FORTRAN, is operable on DTNSRDC's CDC

6000 computers.

Figure I is an overview of the organization of FINCON. The overall

program consists of two major parts, FINCON and FINSTAB with FINCON acting

as the driver or so-called main program.

FINCON FINSTAB

(MAIN)

!-o~ ~~ t - I ,, -_

Figure I - Program Organization

As the driver of the rest of the program, FINCON calls all other

routines for execution. In addition, FINCON provides the unstabilized roll

calculations (including the effect of bilge keels) and is responsible for

all program input and output.

FINSTAB is the second major part of the program. It predicts fin-

stabilized roll angles, fin angles, fin angular velocities, and fin angular

accelerations for the input fin and fin controller characteristics.

FINSTAB also includes the fin saturation calculations. Although it is

called into execution by FINCON, given the proper input and output speci-

fications, FINSTAB in reality can be executed as an independent program.
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BESSJ is a CDC system subroutine which is called up at the time of

execution for calculation of Bessel functions of the first kind. BESSJ is

only used when the ship's waterplane is declared elliptical.

BRWSSP is a subroutine to predict the Bretschnieder wave-slope spectrum

for a specified significant wave height and modal wave period. Initially,

the wave-height spectrum is computed; and then it is converted to a wave-

slope spectrum by multiplying by the product of a constant and the square

of the wave number k,

k = w2 g (1)

where w is the wave frequency in radians per second and g is the accelera-

tion due to gravity. The constant (180/T) 2 enters in to permit conversion

into degrees to yield values of the roll-response amplitude operator, which

is computed by FINCON in units of (degree/degree)2 .

ITREQ is a subroutine which iterates between an equivalently linear-

ized roll damping curve, which is a function of RMS roll rate, and the

predicted RMS roll rate. In brief, the iteration continues until the

computed short- or long-crested RMS roll rate, either unstabilized or

stabilized, is within a small value, epsilon, of the previously computed

value. The appropriate RMS roll angle can then be found. Additional

details of the exact procedure are provided in the Appendixes A, B, and C.

ITREQ is called by both FINCON and FINSTAB.

ERRF is a function subprogram which gives a rational approximation to

the error integral

X 2

erf(X) - 2 e-t dt (2)

0

and is used in the calculation of fin saturation effects.

ALGRNG is an integration subroutine which performs a so-called

Lagrangian or quadratic integration over three points at a time. The

subroutine is called by both FINCON and FINSTAB, and spectral closure is

ensured by the techniques outlined in Figure 2, adopted from Reference 3.
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j~A, - AREA OF COMPUTED RESPONSE SPECTRUM
SA2 - 1/2S, (cal -coo) WHERE co- c,- 0.03

A3 - AREA OF RIGHT TRIANGLE FORMED BY
DRAWING STRAIGHT LINE THROUGH S,
AND S2 TO THE ABSCISSA, TRIANGLE

EM A4 SAME AS A3 BUT FOR Sni AND Sn

w= 0.05
5max w 2.00

a

la

A, Sn-1

w (OR wE)

IF S81>0.1 Snx THEN A, -A, + MINIMUM OF A2 AND A3

IF _,~1IAND S,>Ol 5 mx, THEN A1 -A, A4

Figure 2 - Spectral Closure Procedure

(From Reference 3)
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The procedure for predicting the unstabilized and stabilized roll

angles, as well as fin angles, and velocities is outlined in Appendix A.

Because the procedure is developed in detail in Reference 1, only a listing

of the equations used is given in Appendix A. In general, the FORTRAN

variables have been named as closely as possible to the variables of the

equations of Appendix A, so the user should have relatively little diffi-

culty in "reading" the program. A listing of the program is given in

Appendix B. Appendix C describes two special algorithms used, namely the

iteration algorithm and the cosine squared short-crested sea algorithm for

arbitrary spreading angles.

PROGRAM INPUT

As described in the Introduction, the input requirements of FINCON

are relatively simple. The input variables consist of sea conditions, ship

speed, and very simple descriptions of the ship particulars and geometry.

Unlike many multi-degree-of-freedom ship-motion prediction programs in use

today, neither offsets of the ship sections nor Lewis forms are required.

This makes implementation of FINCON possible at an early design stage

(e.g., before the ship lines are "firmed up").

Table 1 describes the required input to the program and Table 2

explains the notation and variable names. Up to eight sea conditions and

five ship speeds may be executed within a single run, using either metric

or English units for input/output. If ITERATE on card 10 is greater than

zero, then roll damping is treated as nonlinear, and coefficients, DUC,

should be input. For example, letting d = DUC for a simpler notation, then

n=d 0 + 1.61dp + 1.88dly + 4d y2 + 9.4d 3y
3 + 24d 4y

4  (3)

where y - o$/w_ is the RMS roll rate divided by ship natural frequency,

p is 0.772, and n is the roll damping coefficient as a function of y.
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TABLE 1 -INPUT TO FINCON PROGRAM

*Card Contents Format

1 NAMEl, NAME2, NAME3 (3A10)

2 TITLE2 (8A10)

3 NWH, NV, IUNITS (M1)

4 (SWH(IWH), IWH-1, NWII) where (8F10.5)
1 < NWH < 10

5 (TO(IWH), IWH-1, NWH) where (8F10.5)

1 < NWH < 10

6 (VK(IV), IV1, NV) where (5F10.5)
1 < NV < 5

7 DISPTON, L, T, GM, BM, TPHI, Q (7F10.5)

8 SHAPE (AlO)

9 ISC, ANGLE (15,FIO. 5)

10 ITERATE (15)

11 IF ITERATE - 0 (5F10.5)
((DUC(IV,1), IV-1, NV) where
1 < NV < 5

or

11 IF ITERATE 0 (6F10.5)
((DUC(IV,1), 1-1, 6), IV-1, NV)
where 1 < NV < 5

12 IPRINT(1), IPRINT(2) (2A10)

13 NSTAB (15)

Repeat cards 14 through 17 NSTAB times.

14 M, AREA, R (15,2FlO.5)

15 DCLDBFS, HO, l, H12, H13, H4 (6F10.5)

16 GK, GV, Ki, K2, K3 (SF10.5)

17 Al, A2, A3, Bi, B2, B3 (6F10.5)

18 NSAT (IS)

19 (ESTOP (I), BVELHAX (1),I-1, NV) (8F10.5)

7



TABLE 2 - PROGRAM NOTATION (INPUT)

ANGLE Increment of wave energy spreading for calculation
of short-crested responses; e.g., 5, 10, or
15 degrees

AREA Fin area, square feet or square meters

Al, A2, A3 Fin servo coefficients

BM Transverse metacentric radius, (distance between
center of buoyancy and metacenter), feet
or meters.

BI, B2, B3 Fin controller compensation coefficients

BSTOP Fin limit angle

BVELMAX Fin limit angular velocity

DCLDBFS Free stream lift coefficient curve slope,
per degree

DISPTON Ship displacement, long tons or metric tons

DUC Roll damping or roll damping coefficients

GK Overall fin control gain

GM Transverse metacentric height, feet or meters

GV Speed dependent fin control gain

HO, Hl, H2, H3, H4 Fin lift curve correction coefficients

IPRINT Array of print options; IPRINT(l) - SPECTRA,
heading printing of long-crested response
spectra and components. IPRINT(2) - ITERATN,
step by step printing of iteration over roll
damping of relevant variables.

ISC Switch for short-crested responses. If ISC #
0, provide ANGLE.

ITERATE Equals 0 for roll dampirg value independent of
roll angle. Equals 1 when iteration is required.

IUNITS Switch indicating type of units for Input/Output:
IUNITS - 0 for English, - 1 for metric.

Kl, K2, K3 Roll angle, velocity, and acceleration charac-
teristic gain factors. Sensitivities of demanded
fin angle to roll angle, velocity, and
acceleration.

L Ship length between particulars, feet or meters

8



TABLE 2 (Continued)

M Number of fin pairs

NAME1, NAME2, NAME3 Identification of run of program by person's
name, code, and telephone extension

NSAT Equals 1 for inclusion of significant saturation
effects

NSTAB Number of fin/controller/servo, etc., input
stts; e.g., < 10

NV Number of ship speeds, e.g., < 5

NWH Number of sea conditions, e.g., < 10

Q 611(1+61), see Equation (5) for definition
of 61/I

R Fin moment arm, feet or meters

SHAPE Alphameric description of vaterplane shape;
e.g., PARAB, ELLIP, or RECTANG

SWH Significant wave height, feet or meters

T Draft, feet or meters

TITLE2 Alphameric identification of a run of the
program; e.g., ship name

TPHI Roll period, seconds

TO Nodal wave period, seconds

VK Ship speed, knots

The d values are found by fitting a curve* to experimentally derived calm

water roll decay data, or by use of analytically predicted values, prior

to execution of FINCON. The iteration is performed until

AA
Il-(a$/y)I < 0.01 (4)

where 0. is that RMS roll rate obtained from the prediction using the roll

damping coefficient n associated with y by Equation (3).

*In practice, a straight line frequently provides an adequate repre-
sentation of the experimentally derived roll data.
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Card 12 defines two print options. If IPRINT(1) is SPECTRA, a heading-

by-heading printing of long-crested roll spectra and their components

(e.g., the wave frequencies w, the response amplitude operators (RAO's),

etc.) will be printed. If IPRINT(2) is ITERATN, step-by-step printing of

the iteration over roll damping of the relevant variables will occur. This

option is useful for debugging purposes.

If NSTAB is zero on card 13, only unstabilized roll predictions will

be made and cards 14 to 17 can be eliminated. If NSTAB is greater than

zero, cards 14 to 17 should be repeated NSTAB times.

Card 18 specifies whether or not saturation calculations will be done.

If NSAT is zero (blank card) no other cards are needed. If NSAT is greater

than zero, NSAT pairs of values for fin limit angle (BSTOP) and fin limit

velocity (BVELMAX) are needed. If BVELMAX is not supplied (field left

blank) a value will be generated by FINCON (e.g., BVELMAX-10BSTOP/TPHI).

Table 3 gives a sample listing of input cards for an example ship,

between the END OF RECORD and END OF FILE cards. It should be noted that

the input values are given in units of feet and long tons. A metric con-
version option may be invoked to allow the input of values in metric units.

The method for activating this option is to place a "1" in Column 15

(IUNITS) of card 3.

The first two data cards shown in Table 3 contain only alphanumeric,

or descriptive data. Card 3, indicates that two sea conditions and one

speed are to be considered and that English units are assumed for Input/

Output. Cards 4 and 5 define the sea conditions in terms of significant

wave height and modal wave period. Card 6 specifies the ship speed at 25

knots. Card 7 gives the ship particulars of displacement, length, draft,

transverse metacentric height, transverse metacentric radius, roll period,

and Q. Q is the ratio of added mass to total mass moment of inertia,

61/(1+61), and as shown in Reference 1, can be estimated from

61 2
_- - 0.186 + 1.179 CB - 0.615 C B (without bilge keels)

and (5)

--0.002 + 0.814 CB - 0.316 C 2 (with bilge keels)

10



TABLE 3 - TYPICAL CONTROL AND DATA CARD SET

CHHJZXX,CM77000,T199,P4.
CHARGE,CHHJ,HQHAA15023,RS.
ATTACH,OLDPL,FINCONREVISION6, ID=PUAA.
MAP(ON)
SETCORE(INDEF,ADDR)
ATTACH(NSRDC)
LIBRARY(NSRDC)
FTII,I=OLDPL.
LGO.
7/8/9 END OF RECORD

Card 1: H.JONES 1568 71210
2: CGN-42 SELECTED FINS (TWO FIN PAIRS, 75 SQ.FT.) R. N. 0. (25 KTS)
3: 2 1 0
4: 24.61 18.04
5: 12.9 12.3
6: 25.0
7: 12000.0 561l.0 22.7 4.3 16.06 12.8 0.331
8: PARAB
9: 1 15.0

10: 1
11: 0.1693 0.00570 -.0002
12:
13: 1
14: 2 75.0 33.45
15: 0.43 0.349 1.117 -0.519
16: 1.0 1.650 1.0 2.5 1.0
17: 1.0 0.160 0.025 1.0 0.630 0.092
18: 1
19: 10.2 7.98875

6/7/8/9 END OF FILE

where CB is the block coefficient and average bilge keels are assumed.

Card 8 specifies waterplane shape as parabolic, which is usual for fine-

form naval ships. Card 9 indicates that short-crested seas will be treated

and specifies the spreading angle to be 15 degrees. If card 9 were blank,

the program would assume that only long-crested calculations would be done.

Card 10 indicates that iteration over the roll-roll damping curve is re-

quired to account for nonlinear roll damping. Card 11 gives the coeffi-

cients, DUC or d, of the roll-roll damping curve (e.g., see Equation (3)).

Had roll damping been linear in this sample input case, card 10 would have

A



been blank and card 11 would have contained the single value for roll

damping coefficient, n, for 25 knots. Card 12 is blank, so printing of any

intermediate steps (e.g., the long-crested spectra and their RAO's, etc.,

or the iteration steps) is not done.

Cards 1 to 12 provide all the data necessary to complete a FINCON run

to calculate unstabilized roll angles. If card 13 were blank, this is

exactly the way the program would execute. However, card 13 indicates that

one set of stabilizing conditions is to be considered. Cards 14 to 17

provide the fin and fin controller particulars. Two pairs of 75 square

feet fins with a fin moment arm of 33.45 feet are indicated on card 14.

The fin moment arm is taken about the longitudinal axis, through the center

of gravity, and measured to the center of the fin for all fin pairs. Card

15 gives the free stream, lift coefficient curve slope and the lift cor-

rection coefficients which compensate for fin-induced sway and yaw motions.

The values of card 15 are estimated by the procedures outlined in

Reference 1. Card 16 specifies both the overall gain GK and speed dependent

fin control gain Gv, as well as the roll angle, roll rate, and roll accel-

eration characteristic gains k1 , k2, and k3, such that the fin controller

equation is

K G Gv(k 0 + k2  + k3*) (6)

where 0 is the roll angle and 8 is fin angle. Card 17 specifies the fin

servo coefficients and the fin-controller compensation coefficients. The

values given in Table 3 for card 17 variables were selected from Reference

4 and are also given in Reference 1.

Card 18 is not blank, indicating that any significant saturation

effects will be included in the calculations, and so an additional card is

required to provide the limiting angle and limiting speed* of the fins.

Insignificant saturation effects are automatically ignored by the program.

*If the angle is provided and the speed is left blank, the program
will compute an appropriate value.

12



This is to avoid the additional cost which would otherwise be incurred while

having no significant effect on the results. Had card 18 been blank, indi-

cating that no saturation effects were to be considered, then no other data

cards would have been needed.

PROGRAM OUTPUT

Table 4 presents the program output for the sample input given in

Table 3. The first page outputs the input identifying titles; the second

page outputs the operating conditions and ship/fin/fin controller particu-

lars; and the third page provides the results. The first listings on the

third page gives the resulting unstabilized RMS roll angles and correspond-

ing damping coefficient values for ship headings from 0 to 180 degrees

(following to head seas) in 15-degree increments for short-crested seas.

The next row of tables contains the corresponding RMS stabilized roll

angles and damping coefficients, as well as the resulting RMS fin angles

and velocities. Those values of RMS roll for which saturation effects

would produce less than a 2 percent change are indicated by an asterisk.

For such headings, only the unsaturated values are calculated.

Had there been a second stabilized condition specified on input card

13, another row of tables would follow the one for case 1. Results for

additional speeds and sea conditions would be printed in a similar fashion

on subsequent pages. The fourth page indicates that the program completed

execution satisfactorily; e.g., no system (loader, input/output, etc.)

errors were encountered.

Table 5 presents a typical output when IPRINT(l) is SPECTRA on card

12. One such page would appear for each ship heading. The columns provide

wave frequency W, wave-encounter frequency WE, wavelength LAM, wavelength-

to-shiplength LAM/L, wave number K, nondimensional transfer function TR,

nondimensional response amplitude operator, RAO, wave-slope spectrum W SL S,

and roll (unstabilized) response spectrum SUR. Also given are the dimen-

sional response amplitude operator RAO DIM, the wave-height spectrum W HT S,

and the resulting roll response spectrum SUR DIM, which should be equiva-

lent to SUR. Due to the fact that this sample is for the case of nonlinear

13

I -i



TABLE 4 -TYPICAL PROGRAM OUTPUT, ITERATION OVER ROLL DAMPING

P OLL MOTION PREDICTION PROSRAN

'4*JONES 2.568 71210

14i
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TABLE 4 (Continued)
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roll damping, the spectral data and the RMS roll of Table 5 are not, in

general, considered especially meaningful. Had the damping been linear, as

is usually the case for the ship without bilge keels, the spectra would be

representative of the long-crested seas case and the RHS roll could corre-

spond to a value given on the "page-three-type-output" of Table 4.

Table 6 presents a typical output when IPRINT(2) is ITERATN on

card 12. In brief, the intermediate roll rate and damping coefficient

values are printed for each heading, speed, and sea condition. Appendix C

further describes this output example.

TABLE 6 - TYPICAL PROGRAM OUTPUT FOR IPRINT(2) = ITERATN OPTION

IV IMU NTRY PHIN YP+1 YP YP-I GP GP-1

1 7 1 .094 .475 0.000 .239 4.628 .476
1 7 1 .094 .475 2.314 0.000 4.628 4.628
1 7 2 .140 .475 2.314 0.000 3.847 4.628
1 7 2 .140 3.461 3.461 2.314 3.847 3.847
1 7 3 .156 3.461 3.461 2.314 3.674 3.847
1 7 3 .156 3.645 3.645 3.461 3.674 3.674
1 7 4 .159 3.645 3.645 3.461 3.652 3.674
1 7 1 .094 3.645 0.000 3.461 .507 3.674
1 7 1 .094 3.645 .254 0.000 .507 .507
1 7 2 .100 3.645 .254 0.000 .506 .507
1 7 2 .100 .504 .504 .254 .506 .506
1 7 3 .105 .504 .504 .254 .504 .506

PROGRAM EXECUTION

A typical deck control card set up is given in Table 3. Simply

speaking, the object program is attached and executed. The object program

is stored permanently on a private disk pack and can be recovered for

storage on the main (public) disk and for user execution by running the

control card deck of Table 7. The source deck is also stored on the pri-

vate disk pack in an UPDATE file such that program modifications can be

easily made, if necessary. The program listing of Appendix B was printed

from this UPDATE file.
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TABLE 7 - CONTROL CARD SET TO RETRIEVE OBJECT PROGRAM

COL-., 123456789112345678921234567893123456789412345678951234567896123456789

CHHJPAK,CM77777,T100,RP1,P3.
CHARGE,CHHJ,XXXXXXXXXX,CCR.
PAUSE. JOB REQUIRES DISK PACK DV4850.
MOUNT,VSN=DV4850,SN=HJPKL4.
REQUESTTWO,*PF.
ATTACH,ONE,FINCONOBJECTNOV,ID=CHHJ,CY=I,MR=1,SN=HJPKL4.
COPYBF,ONE,TWO,I.
CATALOG,TWO,FINCONOBJECTNOV,ID=PUAA,AC=XXXXXXXXXX,CY=1,MR=.
6/7/8/9 END OF FILE

The run time of the program, indicated by TXXX on the job card of

Table 3, varies, of course, with the amount of calculation required.

Roughly, for nonlinear roll damping and 15-degree short-crested spreading,

a stabilized roll calculation (without saturation effects, and for a single

sea condition and speed) takes about 50 seconds of execution time and 15

seconds compilation time. For unstabilized calculations, the execution

time is somewhat less than half of the time for the stabilized case. The

time increases proportiunately as the spreading angle of the short-crested

seas is decreased. For a 5-degree spreading angle, the time is almost

three times (1v 145 seconds) that of the 15-degree case (reflecting the

fact that there are about three times as many calculations that need to be

performed). From the runs made to date, it is not evident that decreasing

the spreading angle from 15 degrees increases the accuracy of predicted

roll at a given ship heading 1y a noticeable amount. However, a finer mesh

of spreading angles does, in some cases, permit a more refined localization

of the worst heading angle. Thus, the required execution time is a

multiple of 50 seconds depending on the number of speeds, sea conditions,

and the value of the spreading angle (in proportion to 15 degrees).
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The required memory, as indicated by CMXXXXXX on the job is 77777

octal words (see Table 3). The job priority, indicated by PX on the job

card, is then determined by the amount of system time required. Based on

current computer center figures for the CDC 6700 and average costs over

several program runs, the guidelines in Table 8 are offered.

TABLE 8 - RUN TIME AND COST GUIDELINES

T Highest Priority (Turnaround) $ S/System Seconds

< 200 4 (prime shift, 1 hour max after 0.090
completion)

<3600 3 (prime shift, as soon as possible) 0.074

Unlimited 2 (nonprime shift, when possible, 0.060
overnight)

PROGRAM VERIFICATION

Predicted values of unstabilized ship roll motion using the one-

degree-of-freedom roll motion procedure, have been compared to model and

full-scale experiment results in both References 1 and 2. Ongoing work at

DTNSRDC by Meyers has found the results of the single-degree equation

very similar tn those of the coupled, three-degree equations for roll-sway-

yaw for the worst heading roll motion, although some underprediction in bow

seas and some overprediction in following to quartering seas have been

noted. Additionally, Reference 2, as well as work by Lloyd and other
~Admiralty Marine Technology Establishment (AMTE) personnel, has substan-

tiated, at least in part, the stabilized roll and fin predictions. It is

generally recognized that the predictions of FINCON (e.g., for the worst

heading) are appropriate for use in design problems.

The coding of FINCON has been verified by making comparisons with

results of the older unpublished FINS program, as well as with published

results of programs currently used by Lloyd and others at AMTE. The com-

parisons substantiate the correctness of the coding of FINCON in general,

4though some differences do occur between the results of FINCON and the
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AMTE program. For example, at some speeds, the FINCON unstabilized roll

angles were higher than the corresponding AMTE values for the same narrow-

beam LEANDER-class frigate evaluated for the case when roll damping is in-

dependent of roll angle. The differences may be due to differences in the

input, slight differences in the motion equations and algorithms programmed,

or differences in the short-crested seas algorithm. One known difference

is that FINCON accepts as input the true value for BM, the center of

buoyancy; whereas the AMTE program computes a value based on the shape of

the waterplane. Another difference, though not relevant to the comparisons

made for the LEANDER, is that the AMTE program has no provision to handle

the case when roll damping is dependent on roll angle.

FUTURE WORK

FINCON is the f.rst of a series of new tools being developed to

enhance the U.S. Navy's roll/fin design capability. As such, FINCON is

the basis for all such current and near-future investigations. Specific

guidelines for optimum use of the program in the form of a rather complete

design exercise can be found in Reference 1. Procedures for evaluating

bilge-keel and fin sizing and stabilizer control optimization are detailed

there. These procedures indicate how the use of the FINCON program in roll/

fin/controller design practice can be extremely instructive.

Another very important area currently being investigated by Cox is the

use of a coupled, three-degree system of equations for roll, sway, and yaw

motion prediction. A more general and refined program is being developed

in conjunction with that work. The program under development will also

be of practical use at an early stage of ship design, requiring only very

simple input requirements. A complete report and user's manual for the

improved three-degree-of-freedom simulation system will soon be published.

It will include details of the approach which is used in the current one-

degree-of-freedom program to recognize fin-saturation effects.

CONCLUDING RMARKS

This report provides a user's guide to FINCON, a roll, fin, fin con-

troller prediction computer program. No attempt to describe design
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practices or the required engineering decisions necessary to using this

tool has been made; Reference 1 provides a comprehensive discussion of such

materials. Sample inputs and outputs, as well as a description of the

program organization and procedures have been given. It is envisioned
that the engineer, with a working knowledge of Reference 1, will run the

program essentially as a "black box"--he/she is not expected to need to

contend with the actual FORTRAN or source deck; and, thus, only a very

rudimentary knowledge of programming or computers is required. Instead,

he/she will be required to actively participate in the engineering tradeoff

decisions necessary in design work, and, as such will probably run FINCON

several times in any given investigation.
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APPENDIX A

PROGRAM PROCEDURE AND FLOW

The equations solved in FINCON are listed in Table 9 and are taken

almost exclusively from Reference 1. For purposes of illustration, a

short-crested spreading angle of 10 degrees is assumed. Table 10 provides

a description of the nomenclature used in Table 9. The corresponding

FORTRAN notation (e.g., see the listing of Appendix B) follows as closely

as possible that of Table l0.*

Table 9 is, in a sense, broken into three algorithmic steps. Four

basic predictions are identified: stabilized roll, roll rate, fin angle,

and fin velocity. Each of the four is identified by a more or less reverse

building-block procedure. For example, the final step of the first al-

gorithm is labeled 1-1, the step preceding 1-1 is 1-2, the step preceding

1-2 is 1-3, etc. Similarly, steps 2-1, 2-2, etc., and 3-1, 3-2, etc., are

developed. It is felt that this reverse building-block approach to listing

the steps makes it easier to see the final results and is also representa-

tive of the procedure followed in organizing the equations of Reference 1

for programming purposes. Obviously some of the steps developed for the
first algorithm are needed by the other two algorithms (e.g., step 1-4-1);

however, it was uot considered necessary to repeat these for each of the

other two. Instead, for clarity, one can assume that the results of each

step of the first algorithm are available to the remaining algorithms.

Figure 3 presents a diagram of the flow sequence of FINCON. The

figure identifies the important loops over sea conditions and ship speed

for both unstabilized and stabilized predictions. The diagram was con-

structed with the intent of providing a quick overview of the entire

program flow so that major computational segments are easily identified.

*One exception to this is that cu in Table 9 becomes CA in the
FORTRAN.
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TABLE 9 - EQUATIONS FOR ROLL, FIN ANGLE, AND
FIN VELOCITY CALCULATION

S2 1 8 -1 2
8

p-8

828 (c os2 (18 + 18+ .]

p-8

8

p=-8

2

1-_2 [a(v)J2 m - ~ s , w E(w),v,nu dw%/ .

2-2 [OY$(v)]2e " Ssu [(w,WE(),v,nu] dwa

3-1 2 2 (() ] 82 d

-. 9 8 1 2

U \U, aR+aI
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TABLE 9 (Continued)

1-3-1 S$, [W,wE(w),V,nu] S* [W,WE(w),V,nu](E(M))
2

u u e- T  E h + u )  E/

A2 2
1-3-2 S WWE(w),V, n u Sh M D (w Vn

! , u

1--3S w) 48.026 2 -1948. 2444] (360 w

kL~O BHg1/ [ B

1-- S 4w 1/ 4W4 2io w T

!u -- ,, k -k 1/2

1-3-4 T- (wVn sin v(h+C b
U Ua

1-- wXw2 /g 2 2 1/2 2

22

A w /wo;bu 2nA; h D -qCA,
E~ u

Lin BM ore B fr
D orF + -G o o

kL p GM p GM e

rectangular, parabolic, or elliptical waterplanes, respectively;

kL -- UL Cos V=- W2 L cos v;

Fp m 33(sin kL-k cosk Y;
PkL

G m 157 ( !-)in kn - (kt- )COS kL -Fe;
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TABLE 9 (Continued)

Fe a~ J(ki); 1
G a - [F -J (kL)] Fe

kL

sin kL*1 *

Cc~ Y Uk coosv;
L

L -L, 1/2 L, or r7/4 L for rectangular, parabolic, or

elliptical waterplane, respectively;

2 2 \]-
a ~ ba

1-4-1 (!) [1+2(c)( Cos + - sin9+

1-4-2 cs (a 2+b 2 1/2; b 2n A
s 5 8

1-4-3 a S 6!) MAR ()dCL) 1 (0)
- c~s am A~GM / ( 2 2 1/2 s

58 cSRaI) 
1

1-4-4 sin k I (aRbR~aIbj)-kR(aRbi+ajb R)
1-4-4 si 2 2 2 2 2 1/2'

[(kR+kI) (aR+aI) (b1+b1)]

co k.R(aRbR~aIbI)+kI (a~ 1+a~b R)
CO ~ 2 2 2 221/

- (kR+kI) (aR~aI) (bR+bl) j/
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* TABLE 9 (Continued)

1-4-5 Gk  G GV -Rb

k 2 222 .i

ki k 1E2 bR bl_ b3'

R - I E - Ek3 ; k1  WEk ; b - - 3;

b 2; aR ' - ' 3E2;= 1 _ Ea3 ; a1

dCL dC

FS h F(wE)inho+ h1E +2e

3 4
+ h3w E + h4 wE;

2
wE W-- -- V Cos V~g

15-I S 1m(- [(1-Fx 2 erf (:t)+ (F-1) x2 erf

1-5-2 F x2

1-5-3 x\ /2
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TABLE 10 - NOTATION USED IN EQUATIONS OF TABLE 9

A Fin area

a 1 - A2

a I  W E a2

2
aR aI - 'Ea3

al,a 2,a3  Fin servo coefficients

BM Distance between center of buoyancy and metacenter

b I  Eb 2

E2

bR b E - b3

blb2, b 3  Fin controller compensation coefficients

(a2+b2  )1/2
U'S U s

(dCL/da)E Effective lift curve slope

(dCL/d )FS Free stream lift coefficient curve slope

GM TranRverse metacentric height

Gk Fin controller overall gain control

GV Fin controller velocity dependent gain control

g Acceleration due to gravity

h F (WE) Ratio of effective to free stream fin lift curve slopes
2 3 4

hh + h w2 + h3w3 + h4
o 1 2,h3,h4  hF( E) 0 1 Eh 2 E 3E 4E

Jo,J1 Bessel functions of the first kind

k Wave number, 2/g

k I  E k2

R 1  E 3
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TABLE 10 (Continued)

kl3k2,k3  Roll angle, velocity, and acceleration characteristic

gain values

L Ship length between perpendiculars

M Number of fin pairs

n Roll decay coefficient (ship without fins)u

q 61/(I+61), see Equation (5) for definition of 6I/1

R Fin moment arm (about a longitudinal line through the
ship center of gravity)

S Saturation multipliersm

S aWave-slope spectral coordinate

S u Unstabilized roll response

T Mean ship draft

T Modal (peak) period of wave-height spectrum

0

T u Unstabilized roll transfer function

V Ship speed

0(0a) Fin angle (amplitude)

a

Fin limit angle

Amx Fin limit velocity

A Ship displacement weight

a Wave amplitude

k)1/3 Significant wave height

A Tuning factor, wE/ W

AWavelength

Ship heading, with respect to the ship, of predominant
wave direction
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TABLE 10 (Continued)

v Wave direction, with respect to the ship, apart from
the predominant direction

P Density of seawater

o Stabilized root mean square roll angles

08 Root mean square fin angle

Root mean square fin velocity

Stabilized roll angle amplitude

Ou Unstabilized roll angle amplitude

8s/0u Roll reduction factor

W Wave frequency

W E Frequency of wave encounter

W Ship natural roll frequency

W* Frequency above which roll response is negligible,
2 radians/second

Subscripts

Zcn Long-crested

sc Short-crested

s Stabilized

u Unstabilized
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r, FINCON PROGRAN FLOW

I1/0
Initialize 2
Calculate cos values
DO 700 (Sea Conditions)

Calculate 2-Param. Wave Slope Spectrum
DO 600 (Ship Speed)

DO 500 (Predominant Wave Direction)
Initialize
80 Next unstabilized roll damphlm value

-DO 400 (Spreading Angle),
Initialize
D O0 200 (Wave Frequency)

Initial ize
Calculate values dependent on wave frequency
Calculate unstabilized roll transfer function

- Calculate unstabilized roll spectrum (long crested only)E 200 End-of-Loop C

a Calculate unstabilized R14S roll

If noiteration, store long crested roll values-400 End-of-Loop
Sum short crested components

Iteration over roll damping required?No -go to step 250"-

Yes - if number of attempts > 10, write message and go to step 900
- if closed go to step 250
- otherwise perform iteration procedure

C and go to step 80
.0 If requested, output long crested spectrum and its components

250 If stabilized roll calculations not required go to step 500
- DO 280 (Stabilizing Cases)

80* Next stabilized roll damping value
0. 00 400* (spreading Angle)

cr- DO 200* (Wave Frequency)
-- -Initialize

cCalculate effective lift curve slope
- * c Calculate fin to roll angle amplitude

o0 oaM C Calculate roll reduction factor
- * Calculate stabilized roll, fin motion, and fin

velocity spectra
L- 200* End-of-Loop

* Calculate stabilized roll, roll rate, fin angle, and fin
-velocity

IIf no iteration, store long crested roll values
Sum Short crested components, if requested

-400* End-of-Loop
Iteration over roll damping required?

SNo -go to 250*

Yes - If number of attempts > 10, write message and go to
step 900

- If closed go to step 250*
- Otherwise perform Iteration procedure and

go to step 80*
250* No (further) damping Iteration required
280 End-of-Loop

L 500 End-of-Loop

Output results
- 600 End-of-Loop

700 End-of-Loop
900 End of run message

Note: RlMS - root mean square.

Figure 3 - Diagram of Program Flow Sequence

1 _ _ _ _ _ _ _ _ _ _ 
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IAPPENDIX B

PROGRAM LISTING

A complete listing of FINCON is given on the subsequent pages. The

routines are listed in the order FINCON, ITREQ, BRWSSP, ALGRNG, FINSTAB, and

ERRF. BESSJ is a system routine and hence not given here. The listing,

made from an UPDATE file stored on a private disk pack, contains a unique

identification of each line of coding on the far right-hand side of the

pages. This identification first identifies the routine by a name (e.g.,

ROLL, TREQ, BWSS, ALGR, and FST) and then by a line number.

The FORTRAN is embedded with comment cards for identification of the

steps of the prediction procedure. Modifications can easily be made to

this source coding by inserting or deleting statements anywhere in the

routines via an "UPDATE" run of the program.
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PROGRAM FINCON 7i4/74. OPf-0 POUNO.'t TRACE FT9P 4.6*460 11126/79 S1.2s.30

PRIGRAM F1iOCON IINPUTOSS2.OUTPUT.512,TAPES61NfUT.TAPE6-ouTPUT, ROLL

TAPEII ROLL 5

'CnC 6700 - - - MARCH. 1976 - - - OTMSROC - - - CODE 1568, SUSAN SALES ROLL 5

S J . R. ITUCXER. # AUGUST. 1979 - CHI ASSOCIATES, INC., ROSLYN, VA. ROLL

*FORTRAN PROGRAM TO PREDICT ROLL MOTION *...UMSTASILIZED M4OTION PREDICTE ROLL r

-USING THE1 THEORY OF J. E. COUSILY MODIFIED TO ALLOW FOR INONLINEAR ROLL S

9ROLL to

10 C THIS vEirON OF FINCON OTPSC?61 WRITES TO PV THE SHORYCRESTED STAB. ROLL I1I

C OR UNSTA.3. ROLL RESPONSES (RMS. THIS FILE IS DESIGNED TO BE POST ROLL 12

C PROCESS60 FOR USE WITH THE POLAR PLOT PROGRAM. ROLL 13[1C ROLL If#
INt EGER, SHAPE.4PARB. ELLI:: REC TANG, SPECTRA ROLL Is

isREAL IL KL* tI E,.UR.MUjRMOUR,LPRIE,LA,LAMCA.L,NK,K3,M ROLL is

^C4NIzTITTP~4%R."UKUK.PGMP1YP~ ROLL I?
2 PHI N.IPPINrtBI. ITERATE,wPM! ROLL to

C044AON ISTAB/ NSTA9,M(i0l,AREAtIOIR(1O4,DCLDOS410I.HOIIOI, ROLL 19
2 4iIIO.H2(10) ,H3(1O3.H.(LOIGK(10),GV(1S4.Ki(1i l.K2110),K31104, ROLL 20

20 2 AI(IO).A2(10).ASIIOI,0iI11,82(10h,83(101.DAM4FU(13),DANPSEIO.13). ROLL 21

2 DUCI5.6,,SSIGLC(IC13),NNU.ILC,ISC,WE(4A,3S), ROLL 22
2 SSIGVLC(I0,13).SSIGVSC(10,I3), ROLL 23
2 SUREA0,353.W(NOI.NW,COS1I3SI1,CON1,SSIGSCOIO.133, ROLL 2
2 VFS(5P.OISPLB.Gm . %MOTLC(I0.i3l. ROLL 25

25 2 804TSC(10.131.SVELSC(10,131,OVELLC(1C.131,SSTOP(54.SVELNAX(1 ROLL 21
2 4NSAT.ITESTlIO,I3) ROLL 2?

DIHENSION T!TLE2ISI ,EKT(40Gl.013S).S(NOI ,SWM(tOI.TO(t0(.WKISS, ROLL 26
2 MIJRI3.UO(133,NURE35I.SIMNU(35),COSNUI35I.SIGSQSC(13I,51GS5113 ROLL 29
2,SIGLC(13),TR(4.0).MOUR(31,).9ESELI00b.SURVa.0.35) ROLL 30

30 2 *SGVSOSC(13).srGVSC(13),V"OU~tf351,SIGVLC(131.SW"EtfiOI ROLL 31.

DATA SPFCTRA,rTERATN/THSPECTRA.?HITERATN# ROLL 32
DATA "UD/0. IS.30. 45,60.?S, 9, O..20, IS.150. 16S. ISO/ ROLL 33
DATA PX.RM3,GGRAVITV/3.1A15926. 1.99. 32.1725/ ROLL 34
OAXA P AR&SEL161P* ECI XNGt 101P ARAB #IOHELLIP *ROLL 35

35 210HRECTANG / ROLL 36
DATA NW/A4l * NMU/13f ,Cps/.0001,0 NDEL/.05/ ROLL 3?

*ROLL so

:INPUT AND OUTPUT THE SEA AND SHIP CONDITIONS FOR UNSTASILIE0 ROLL ROLL 3 9

A CALCULATIONS. ROLL AS1
too* ROLL r#l

REA13 (5,1000) NARELNAM72.NAME3 ROLL for
WRITE (6,20001 IAEi.MNE2.MA"E3 ROLL 163
READ 15.10001 TITLE2 ROLL 4A
WRITE 16,2001) TITLE? ROLL 4S

A5 READ 45,10011 IWH.NV.IUNITS ROLL 46
WRITE (1) 4WHNV ROLL 47
READ IS.10021 lSIHlI),I2I#NWH) ROLL AS

9ROLL 49
IF IIUNITS *EQ. 01 GO TO 5 ROLL so

so WRITE (6.30021 SHI.I1HH ROLL Si
GO GTO 6 ROLL S?

*ROLL 53
5 WRITE (6,20021 (SWHWII.rI.NNHI ROLL Sk
6 CONTINUE ROLL 55

55 READ (5,1002) 4TOOII.I.i.WN4l ROLL 56
WRITE ff,20031 (TCE11.I1.WMR) ROLL 5?

READ (5.10021 (VK1II..1,N0VI ROLL so
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4PROGRAM FINCON ?47I,7 OPT-0 ROUND**/ TRACE 77W 4.64-466 11/26t79 11.25.30

WRITE (E:20080 IVK6I.1NV ROLL so
READ , 5.10021 DISPTON*LT.Gf.SN.PNI.6)19 ROLL 69

fit ROLL 61
IF (IUNdITS .EQ. 01 GO TO ? ROLL 62
WRITE 16.30041 DISPTON.LsTG'4.6NTPHIO ROLL 63

607TO0 ROLL 61#
ROLL 65

65 7 WRITE 16,20041 OISPTDN.LTvGN.9M.TPNI.Q ROLL 66
S CONTINUE ROLL 6?

RFAD (5.10001 SHAPE ROLL Go
WRITE 16,20051 SHAPE ROLL 69
READ (5,1001#1 ISC. ANGLE ROLL ?I

70 IFIsc.EQ.01 GO TO L0 ROLL 71
WRITE 46.20061 ANGLE ROLL 72

10 READ~ 15.10041 ITERATE ROLL 73
STAT - 1.0 ROLL ?I&
P0CN - 0.01 ROLL 75

75 IF (ITERATE .GT. 03 WRITE 46*20171 ROLL 76
IF 1TE5071 *EQ.01 READ 15,10021 IDUC(V911I.IV81,WV ROLL 7?

.4IF (ITERATE .1.1 WRITE 66.20161 (OUC4IW,10,IV=INWI ROLL 70
IF SITYE11TE .10.03:' G0O 7 20 ROLL T9
WRITE (6.2800 ROLL of

so 00 15 IVI1.NV ROLL 61
READI5.10021 IOUCIV9,III.61 ROLL 62

IS WRIIElb.2609) VKtIV).IDUC4IV.I).11.6b) ROLL 03
20 READ 4S.10001 IPRINT ROLL 64

IF4 4ISC.NE.01 AND. (PRINT Il.EQ.SPECTRAI I GO TO 22 ROLL as
of IF 4IPRINT1IO *EQ. SPECTRA) WRITE 16620100 ROLL 66

IF IIPRINTt2) EQ0. IYER&TWI 11RIll 46,2019) ROLL 0?
GO TO 25 ROLL 6s

22 WRTE46,20291 ROLL so
GO TO 900 ROLL 90

qo ROLL 91
:114PUT AND OUTPUT CONDITIONS FOR FIN STAUILIZEO ROLL PREDICTIONS. ROLL 92

*ROLL 93
25 READ (5,10011 NSTAO ROLL 9k

IF (NITAR *LT. It GO TO 3S ROLL 95
95 IF (NSTAS .G1. 1 *ANO. WUNITS EQ0. 0 WRITE 16,20241 NSTAG ROLL 96

IF (NSTAR .3E. I .AND. WHNITS EQ0. 11 WRITE 16,31241 NSTAU ROLL 9?
00 26 I-.1NSTAS ROLL 90

READ 45.100#61 N(II.AREA(II.R(II ROLL 99
READ (S.10020 DCLDFS M 9"0411*1411,N2(Il.N3411 04t It ROLL 16o

L0o READ 45.10021 GK11.GVIfqEf141K261.C3(I1 ROLL Ill
READ 15.10321 A1410.A21.A3410.61111.52413,1341t ROLL 162

26 WRITE 46.2225) 1. H41),AREA UPoR11.DGOLDFS(I.N (1.IMI).2(I0. ROLL 163
2 N4.H.IGI6IG4I111.21.31A11A21A31. ROLL 10k
2 014 11.92111,S3 (1) ROLL 10s

105 REAl) 45.10611 NSAT ROLL 16
IF (NSAT.EQ.0l GO TO 30 ROLL toy
READ 45,10020 f9STOP1IV1.SVELMAXIIVfIV - 19NVI ROLL 166
0O 29 IV a 19NV ROLL 169

29 IFISVEL"NIV.E0.0.01 RVEL"NKIVI - 16.PSTOPIWIITPOI ROLL Lie
110 WRITE (6.26261 IIV.BSTOPIIVI 96VELMAX (IV) IV I~1NV ROLL ill

30 CONTINUE ROLL 112
35 CONTINUE ROLL 113

*ROLL lik
:INITIALIZE. ROLL 115
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POOGRAM I4 P110 74/174 OPT-0 ROUND-*/i TRACE FIN 4.1.4.0 111219 11.21.36

11 ROLL 11.
IF ITUNITS EQ0. () GO T0 35 ROLL is1?

* ROLL 116
00 36 1 - 1,NWN ROLL 126

120 Sw4ET(I) SWMIrb ROLL 121
SWhII) - S4tI)'UH ROLL 122

36. CONTINUE ROLL 123
r)IspToN x 31SPT0NO0.96412 ROLL 121.
L - LOU04 ROLL 125

125 T - T*U" ROLL 121.
Got - GM*Uq ROLL 127
R" z IPI*UP ROLL 126

*ROLL its
IF (NSTAq *LT. 11 GO TO 38 ROLL 136

130 00 31 1 = .'iSTAe ROLL 131
AREA41) *AREA(r)910.?639 ROLL 132
RIII - R(II#UM ROLL 133

3? CONTINUE ROLL 13.
* RLL 135

135 34 C04'INUE ROLL 13.
*ROLL 13Y

WPI4 I 2 * PIV V P9 ROLL 136
OIS

0
LR m 224.0. - OIPTOM ROLL 139

JOv -0 IV-i,*dv ROLL 1it6
11.0 '.0 VVS II M ;1.6876' VIT1IIVI1 ROLL 141

TE~l11 * -2.!CAIT/L ROLL 102
00 60 Iw-1.NW ROLL 1863
W(tW I FLOAT( (!Wla'OEL ROLL 118

60 FOCTIWO - EXP I-W(IW)2GRAVITY 4TO ROLL 14.5
1'.5 *ROLL L466

:GENERATE VALUFS 0OR COSINE SOUAREf) SPREADING Of WAVE ENERGY. ROLL 11.7
e ROLL 11.6

If (ISC *E2. 01 GO TO IS ROLL 11.9
RIA - (IAA.AN6LEl/2. ROLL Ise

150 C0'I1 - 1./44 ROLL 151
NNU - 26IFIEIHA) - t ROLL 152
KIL - MNU/2 + L ROLL 153
042 a PI/(2.414AW ROLL 151.
J - -IFKEIIA) ROLL 155

155 00 70 I*1.4mU ROLL 151.
j* -j f1 ROLL 15?
P(II . j ROLL 156

?a Cosills z COS(PI)'C0912)**2 ROLL 159
75 CONTINUE ROLL 116

160 *ROLL 111
:REGIN L03P OVER SEA CONDITIONS. ROLL 11.2

ROLL 11.3
00 700 IWM21,WWt ROLL 110

* ROLL 11.1
165 :COMPUTE IRETSCMNSIOER 2-PARAMETER WAVE SLOPE SPECTRUM. ROLL 1M.

* ROLL 11.7
CALL RRMSSO MNW,SWHEKWMI.T(KMM),W.SO ROLL 1166

* ROLL 11.9
:BEGIN LOOP OVER S41P. SPEEO. ROLL 176

170 ROLL 171
00 600 IVm.V ROLL 172
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PROGRAM FINCON 7%/74 OPTs0 ROUWGsw/ TRACE FIN 4.L60 11121fro 11.25. 0

ROLL LYS
:BEGIN L03P OVER SIP NEADING INU, PREOOMINNT HAVE DIRECIfI. ROLL 176
* ROLL 17S

1TS 00 5O0IeU.1NNU ROLL 116
IF IZV.EG.11AiND *NO. 1W .1) ROLL try

2 MUSRII4U) - P1/180. FLOATIMUOIINU) ROLL I#
OA14PUINUI a OUCIIV,1 ROLL 19
IF (ITEPATE .EQ.0) O T3 98' ROLL 106

Ise NTIY 0 ROLL lot
To 0.0 ROLL lit

s0 NTRY - NTYRY I ROLL 103
X - vP ROLL &te
0414PU(liU) = OUCIIV9|.I I,6I*OUC0IV,2)•*X*:1 2 * 1.-4OUCIV.3 ROLL I

145 2fEm 4fOO•UCSXV,') 2.O *. I.6 0'OUCIISV,5'X• 3.S ROLL i0s
2 24..SOeUCtV o 6 *0.o ROLL 1?

90 SIGLCIIMUI - SIGSOSC4I1U) = 0. ROLL l1
SIGVLCIINJI - SGVSOSCIINU) - 0. ROLL 1o9

ROLL t9
190 *BEGIN LOOP OVER SPREADING ANGLE (NU). ROLL 191

• ROLL 192
*1FOR PURELY LONG GRESTEO-CASE, NO. OF NU*S 1 , ANS NU 1 'U.) ROLL 193
0 ROLL 1t

IF (Ise .E3. a) NNU = I ROLL 195
195 00 400 INU-1,NNU ROLL 11

NURIINU) =qUR(tI'U| P(IU)4C042 ROLL 1o
SI4Nu(qItU) a SININURlINU) ROLL li

S0 COSNUSINUI - COSINURCINUIS ROLL 1t
• ROLL too

200 :BEGIN LOOP OVER dAVE FREGUENCY. ROLL 261
• ROLL 262

00 200 INs2INM ROLL 203
KL a L * W(IN)**2 0 C0SMU(NU1I / C2. * GRAVITY) ROLL t1t
SI4KL = S1IEEL) ROLL 26s

205 COSKL • COSMIL) ROLL 26
WEEIW.INUI)-4S(4IMI 11. - W(IN) • VFS41V) I GRAVITY * ROLL 2o

2 COSRUI[NUPIP ROLL 2s
"4F - WEIMINUI/NPHI ROLL 269

BA - ?,-DAIPU(INUI 6 TUNF ROLL a1l
210 A 1 1. - TJNFOTUNF ROLL 211

CA v SORTI4A 4 90AflAI ROLL 212
• ROLL 213
*TEST FOR NATERPLANE SHAPE. ROLL It
6 ROLL 215

21S IF (SHAPE .EQ. ELLIP) GO TO 110 ROLL 21
IF (SAPE .EQ. RECTANG) GO T7 120 ROLL 21

2 ROLL 215
*WATERPL' 4E IS PIA IBLIC. ROLL 219
* ROLL 226

226 LPRI"E - L v .S ROLL 221
IF (EAS(KLI .GT. EPS) GO TO 105 ROLL lit
F - 1. ROLL 223
G - 0. ROLL 2211
0 - 1. ROLL 22S

225 GO TO 127 ROLL 221
10 F - 3. 

• 
ISINKL - KL 0 COSKL| KL*E3 ROLL 227

G * 15?5. I KL*7: * tt, - 2. * (Le2 / 5.) 0 SINCL ROLL 225
2 - IL K (I, - Ls? / 15.) * OSKL) I F ROLL 229

II
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PROGRAN FINCOM 74714 OPT*$ ROUMOf/ TRACE FTN '..9...60 11/26f?9 11.25.30

0 F* +3 9N Gil 6 G MOLL 236
230 GO TO 127 ROLL 231

* OLL 232
*WATERPLANE IS EL.IPTICAL. COETERMIME THE ZEROTHI AND FIRST KISSEL ROLL 233
*FUNCTIOKS Of KL.) ROLL 23.
# ROLL 235

235 110 LPRINE - SOIT47. I/'. 4 L ROLL 239

IF tAgSEIKLI .GT. EPS1 GO TO 11S ROLL 23?
F a 1. ROLL 236
G6-0. ROLL 239
02a1. ROLL 24.0
24 G T 17ROLL 211

115CAL ESS M 0.1.9SS~lROLL 242
F - 2. / KL 0 ESSELIZ RLL 24
G = - S. / KL442 0 SESSEL~i Of *E. / 'L6*2 - 1.1 0F ROLL 2'.'
0 - F* #N CM4 / GH ROLL 24.5

24.5 60 To 1?7 ROLL 24.9
R OLL 24.?

*WATERPLAME IS RECTANGULAR. ROLL 2480
* OLL 24.9

120 LPR14E - L ROLL 256
250 If (APSEILI *GT. EPS) GO TO 125 ROLL 251

0 -21 ROLL 252
G0 TO 127 ROLL 253

125 0) - SINKL I KL ROLL 254.
12? CONTINUE ROLL 255

255 fLPR!NE a .5 6 NUNS14#2 / GRAVI7Y *LPRIME C OSMUINU? ROLL 2596
C s SI(ELPRIMEl / KLPRINE ROLL 257
H 2 0 - O'C*TUNFOTUNF ROLL 256

0ROLL 259
*CONPUTE ROLL TRA'ISFER FUNCTION. ROLL 26

260 ROLL 291
TR(Il -N EKT I TWO CAOSINNUIU I*SRT NN.0C6A8Al ROLL 292

* OLL 293
:COMPUTE ROLL SPEZTRUN. ROLL 264

0ROLL 265
295 SU~tflN.INUI- SlIM14TR(IMPITR(IMI ROLL 2616

SJRVEIW,IlUl SUREIN,INUDONE(IN.INU3'NEIIWINUI ROLL 291
ROLL 268

;END OF LOOP OVER WAVE FREQUENCY. ROLL 29
*ROLL 276

270 260 C0NTINUE ROLL 27 1
I ROLL 272

:OETER'6INE RPS ROLL VALUE. ROLL 273
* OLL 274

CALL ALGRNG (NW,W,SUR(1,INW.NAoURIINUI) ROLL 275
275 CALL ALCRN4GENw.NSURVEIINUJVNSUREIN~UI) ROLL M279

OROLL 27?
*IF REQUESTED C04PUTE LONG-CRESTEO VALUES ROLL 270

* OLL 279
IF iSC RNe. 0) GO TO 330 ROLL 266

260 SIGLCIINUI * SORT(MOtMIINUOI ROLL 261
SIGVLC(INJI - SORTIVVN0URIINJI33 ROLL 92

*ROLL 263
*IF REOUESTSO, ITERATE OVER ROLL DAMPING FOR LONG-CREST CASE. ROLL M64

R OLL 265
265 IF 4ITERATE .EQ. 00 GO TO 4.00 ROLL 126
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PROGRAM FINCON 717 OFT.6 ROWUN*. TRACE Fix 16*6G 11126IFS 11.25.16

"NwJ a 114U ROLL M6
.IV . TV ROLL 266
KNJ a ZHU ROLL 269
SGVOMLC - SIGVLCEINUI/WPHI ROLL a96

ell PHI N x1au UIOU I ROLL 291
CALL ITREOISGVOWLCI, METURNSISI*406,9001 ROLL 2M

*ROLL 2491
*SEGIN SU44INiG OF SNORTCRESTED RESPONSE DATA. ROLL 9%
0 ROLL 295

2"9 360 SIGSOSCI4qJD * SIGSOSCIINUI *COS11IWUION6URCISWI ROLL 296
SGVSCSCEIEUl SGVSQSClINU) *COSI(INUpovN6lURSIfUl ROLL 29?

SEND OF LOOP OVER MU. Rt OLL L 2n9
0 ROLL 16

166 400 CONTINUE ROLL 311
*ROLL 162,IF uISC *EQ. 0) INU - I ROLL 161

IF IISO *E3. 01 GO TO 210 ROLL 166
SIGSCO1I4U) - SORTfCON1'SIGSOSCIINUP) ROLL 165

31 SIGVSCfINJl - SORTICONIOSMOSSC(INU) ROLL 16
SGYOWPN - SIGVSCIEIU)IWP#NI ROLL 16?
KHUIffI M ROLL 166
KW -I U ROLL 319

Kv VROLL 316
319 IF I ITERATE .EQ. 01 60 TO 219 ROLL 11

P"14IOlNP UsU ROLL 312
CALL ITRE34SGVOP41. RETURNS 46492599 84 ROLL 311

ROLL lib
:IF REQUESTED, PRINT LONGCRESTED SPECTRUM AND ITS CONPONENT$. ROLL 315

115 0 ROLL 116
216 IF I PRINT(13.INE. SPECTRA$ 60 TO 296 ROLL 31?

* OLL SIB
If IRUNITS *EQ. 63 GO TO 231 ROLL S1g

* ROLL 12
326 WRITE 46,30161 TITLE2,SMNETIIWN3,T64IMN3.VREflI ROLL 13219

GO TO 232 ROLL se2
*ROLL 121

231 WRITE 16920101 TITLE29SM(IWN3.T6(IWN3,VK4IVl ROLL 12#0
212 CONTINUE ROLL 125

325 WRITE 16,20231 HU(M"Ut ROLL 126
WRITE 16. 2620) ROLL 12?
D03o IN1N ROLL U2s
PER .. 2*III ROLL 129
LAMI : PERS*ER WGRAVITV/12. *pit ROLL 116

316 LAINONL - L4NIL ROLL 31

T3 ;N = '60 'dEI "S(13/2.Pt*RAVIT vs ROLL s12
RAO: R(IW3-TRI ROLL 13
SO a S46IN)11"110WN) ROLL 116
RAO6) s WN*WN*RAO ROLL 115

335 SURD a SO 6 RAOD ROLL 316
WRITE 16,2621) WIW),WEIIN.INU),LANLAWONL.UN.TRIIRAO.SI). ROLL 33?

2 SUR(IM), RAOO9SO.SURD ROLL 316
356 CONTINUE ROLL 139

WRITE (*0.22 SIGLCIINUl ROLL 846
346 ROLL 311

*IF REGUESTED. COIPUTE STABILIZED ROLL AND FIN "OTIOOS FOR THIS VOLL 162t
*PREOONINANT HEADING. ROLL 161
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PROGRAM FINCOG 71.1740 OP~sO ROUND-*/ TRACE P7W 4.1.606 111679 11213

* ~ROLL 31
250 IF (NSTAR *LT. 13 G0 TO Sal ROLL 31.1

31.5 00 260 1S-..SYAR ROLL 31.6
CALL FINSTAS (IS). RETURNS 1288,1601 ROLL 3Up

200 CON4TINUE ROLL 31.0
*ROLL 349

SEP40 OF LOOP OVER PREDOMINANT WE AGING. ROLL SOS
350 * OLL 31

500 CONT4UtE ROLL 312
*ROLL 313

*O'4LY LONGCQSSTEO ROLL VALUES ARE OUTPUT. ROLL 311.
0 ROLL 311

355 IF (IUNITS *EQ. 03 GO TO S02 ROLL 316
*ROLL 31?

WRITE 16,30101 TITLE2.SWNETIWN3,T011313WK4IVI ROLL 310
6O TO 503 ROLL 319

ROLL 360
360 502 WRITE46,20103 IL2SNINIT4N3VEV ROLL 361

S03 CO'4TtNUE ROLL 362
WRITE11) TITLE2.SWM411W34),TO(ZwN3,vE4IMNI ROLL 363
If fISC *N-. 0) GO TO 550 ROLL 36f#
IF (IERATI *EQ. 03 WRITE16920301 ROLL 365

365 3R1TE(G.26311 ROLL 366
no 505 ImU - 1,NNU ROLL 36?

50S WRITE(G.2011 3U(I'U),OAWPU(1PU,SIGLCfINU) ROLL 360
WRITEIII (SIGLCfINUl#INU & 19NNU) ROLL 369
IF imsTAs *ea. 0) GO 10 600 ROLL 310

370 00 51.0 I - 1,NSTAB ROLL 371
WRITets.2032) I ROLL art
00 525 1

1
4U * 1.NMU ROLL SYS

525 WRIME6.2011 MUOI1WU3,OAW4PS11,1NU3,SSIGLC(I,1WU3,tIECT4tI.ZNU3 ROLL 3?f.
2 BW"TLC(I.I'4Ul BVELLC(19114U) ROLL 3Y1

375 IiIT61II ISSIGLCII,IMU), INUI - 1044U) ROLL 376
51.0 co4yTINu ROLL 37?

IF IMSAT .=-a. 01 GO TO 600 ROLL 3re
WRIT516127723 ROLL 379
GO TO 600 ROLL 300

30 ROLL 301
:ONILY SNORtTCRESTE3 ROLL VALUES APE OUTPUT ROLL 302

* OLL 303
550 IFITERATE *EO. 03 WRITE(6,20303 ROLL 301.

WRITE16920131 
ROLL 305

305 00 555 INIJ a 1.N3IU ROLL 306
155 WTE(1692011I NUOiIWfUIOANPUIINIU3I65061m13NJ ROLL 307

WRITEIII fIGSCtINUlsIWU 2 iWINUl ROLL 30
IF (VSTAB .EQ. 03 GO TO 60 ROLL 369
00 590 I a 1,NSTAB ROLL 390

390 NRITE(6420261 I ROLL 391
00 175 13W a 1.MmU ROLL 39t

175 WRITE16,2011 NuoIINUI.oANPSII,INU3,SSIGSCIIINU3.ITESTI,131U3. ROLL 39S
2 BNOTSC1IIIU) BOVELSCft,IRUI ROLL 39%.

WRITE4I) (SSIGscfI,1WUlINu 1,Nww) ROLL 395
395 190 CONTINUE ROLL 396

if (ViSIT .."10. 03 I60 TO 600 ROLL 39?
WRITE16*2222) ROLL 398

ROLL S99
SEND0 OF LOOP OVER SPEED. ROLL 1.0
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PROGRAM FINCON 74174 OPTmS ROUND.'# TRACE FYN 4.6*4464 tu1//7 11.23.

466 S ROLL 491
60 CONTINUE ROLL. ba

* OLL 4623
;ENO OF LOOP OVER SEA CONDITION. ROLL 04
0 ROLL 355605 700 C0'4TINlUE ROLL 45

900 WRITE (6920150 ROLL 46?
ROLL 4&8

STOP ROLL 469
100FORMA:T ::ALI) ROLL 410

410 100 FORNOI (15 ROLL 411l
1392 F014AT 6OF10.o3 ROLL 412
lto0b FCRMAT 152FII.5,A1 ROLL 413
2000 POR4A Il27f,574M ROLL MOTION PREDICTION PROGRAM ' ROLL 414

2r/I51,A0 ROLL 410
415 2001 FORMAT 4INISAISI/Jf ROLL 416

2062 FORMAT (IN, 0SINIFICANT WAVE MEIGHTISI IFET) *.SE,6FT.f1 ROLL 41?
2001 FORMAT 4IE.4MODAL HAVE PERIODIS) ISECONDS) 'S.1P.I ROLL 416
2004 FOR4AT1/lX.'OSPLACMENT IL. TONS) w0I6X,F7.f/IX OLEN6TH BETWEEN ROLL 4#19

2PP (FEET) m914X.FT.U1lX,'ORAFT (FEET s 6R.T21 ROLL 420
4 20 ?*TRANSVERSE METACE01TRIC NEIGNMI FEETI "21.F.f11'METACENTER AS0W ROLL 4*1

2E BUOYANCY 'ENTER IFTI *,lXF7.211X*ROLL PERIOD (SECOMOSI 06,1?1 ROLL 422
Z,F?. 2/IX, 'U2 9*3?R.F7.3I ROLL 423

2005 FORMAT (IK.*WATERPLAWE SNIPE o',24N.AIGI ROLL 424
2001i FOR MATT EIN: SPREAOING ANGLE .'22N,F7.0i11 ROLL 4*5

425 2007 FORMATIN ,10 JDAMP tNG INPUT IN THE FORM NM CI # 1.11'CZ4 "0@.? ROLL 411
272 00.SC' 40'4Y2*9.41'CS*:Y" * 24.II*CS'Y'%*/f ROLL 42?
26 SPEE NO 3S 0'42,1C.7N.'2 *?Xo C '7.C44t7E.'CSf97X,*C6*1 ROLL 46

2000 FORMAT 112,'SNIP SPEEDIS) 1AUDIS) 04.919F5S.1/1 ROLL 419
2009 FORMAT4XF.,?X,G123.F7.b11 ROLL 420

so0 2010 FORMAT IM.AOIISCIIATWAVE NEINT NOF.2*' FEET' ROLL 431
2 /' IN *"SOA ROLL 432
2L NAVE PERM 3O aS?t SECONOSSIIXOSMS.* SPEED a* P5.1.' %NOTSV) ROLL 422

2011 FORMAT IfflE,'UNSTASILIZEO RIS ROLL IERS)IMESN'KC ROLL 42 4
2 exti'SCO/I ROLL 425

40#3 2012 FORqAT (I6,IK,2FI0.2.2X.AI.ISX.2V'10.2,121,2F10.2) ROLL 426
2013 FORMAT 1//19,0UNSTAOILIED RIS ROLL (OEGREES)'I IX961NEAOZNG' SE. ROLL bar

2 4 N*8X4SC*11 ROLL ba6
2014 FOR4AT II1.lX.FlO.4,FIO.2,21.Al.2SXFIO.2,221.FIS.21 ROLL 429
2011 FORMAT *II27I 65XIN E 1N 0 6 6 a) ROLL 440

440 201E FORM"AT (IW,'ROLL DAM4PING COEFFICIENT(S) 0',1319SFS.311/1 ROLL 441
2017 FOR4AT 1II,'XTERAUION OVER ROLL DAMPING WILL BE ONE**/$ ROLL 642
2016 FORMAT (/jIX,*LONGCRESTEO SVECTRA AND COMPONENTS WILL SE PRINTED. ROLL 44S

2') ROLL 444
2019 FORMAT (1/19,-INYER"EDIATE STEPS IN ROLL DAMPING ITERATION WILL 8 ROLL 445

445 2E PRINTED.'I ROLL 441
2020 FORMAT (I9,W.X'E'7,LM, LAMIL',9X.'g',0ff. ROLL 46?

2 eTR',7X*'R4O#*4Xs*W SL. S',?1,'SUR', SX*'RAO OtM',4Et'" N4T S',319 ROLL 440
2 *SUR OINS/ 3X,'RAO/SEC-3X 'RAO/SEC'6E.'FT',IX.'OEG',23.oEKGISE6 ROLL 44s
2 OE;/OEG SO DEGS0 SEC'1X96OEGSO SEC* ills DEGIFT SQ4IR,'FTSQ SECOIN ROLL 456

400 2 'DEC50 SECC'I ROLL 451
2021 FORMAT 112F10.31 ROLL t52
2022 FORMAT 1//IIK.'RMSROLL a*F?.20 OEGREES61 ROLL 493
20 23 FOR NAT ( 'SIP N1EASING "*12' DEGREES41 ROLL 454
2024 FORMAT 1/IXW.ROLL STABILIZATION WILL St CALCULATES FOR 013 ROLL 4oo

455 2 0 CASES*.*/ IN 'FIN AND CONTROL SYSTEM PARAMETERS ARE AS FOLLONSO ROLL 456

2 1/* CASE' 2% *M* 6X *A* SN M 1DCL IOOS0 4X *RIO 49 *"If 46 ROLL 45?
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PROGRAM fINCOM 7417. OPT-0 ROWIDO/ TRACI FTN 4.6#460 11/26/,9 11.25.30

2 '142' 4X *"I* 4X 'NI.' 4X 'GE' 4X *GVS 4 Kl 1(1 KfO2 4X *KI' 4M ROLL 450
2 *At* 4X *A?* 4K *3' 4X '61' 4X '92' 4.K '830 1161 *fT SO* fll1 Off* ROLL 45S9
2 4XK OVER DES*/) ROLL 1.60

1.60 £02S FORMAT Ii.3V.,62F231P.IROLL 161
2026 FORMAT ft/IIKCASE6!39"I STABILIZED INS ROLL (OEGIMESI' ROL.L 462

2 IOK.'FIN MOTION IDEGREESI' SOX "FIN VELOCITY ICEGREES/SECONO' ROLL 4.63
2 IK.'14!AOI45* 61 'N' BK 'SC' 362'SC" SOX OSC'Il1 ROLL 6411

2027 FORMAT lf/IX*'CASE*13,*I STABILIZED INS ROLL KOEGREESI' ROLL 465S
465S 2 IO.*Ftt- MOTION IOEGREESIO SOX "FIN VELOCITY fOEGREES/SECONO"I ROLL 1.66

2026 F3R4AT IHfSK.'IVS.'SSTOPSX.'SVELMAK'l. ROLL 1.66

2 (17, 2K,'F1O.5,2NFo 150/1 ROLL 60
2029 FOR'AT/1,KNO SPECTRA OUTPUT ALLOWED IN SNORTCRESTEO CASE. REV ROLL 41

476 21SE YOUR INIPUT OATA.'I) ROLL 1.71
MO3 FORMAT (11X,"ITERATION OVER ROLL-OAMPING NOT PERFORIEl.'0 ROLL 1.12
2031 FORIIAT(//lX.'USTAStLIZEO RIIS ROLL tOEGREES*'/11X'*HEADING**,$to ROLL 1.73

2 'N'.SK.'LCO/I ROLL 1.74
2032 FORNATI/1K.CASE'13,'I STAOJILIZED RMS ROLL fOEGREESO ROLL 41's

1.75 2 IOX.'FXIh MOTION (OEGREES1091OWFIN VELOCITY IOEGREES/SECONDI'I ROLL 1.76
2 IK.'NEAOING' OX "N" OX 'IC' S6X 'IC' SOX 'LC'/I ROLL 8077?

2222 FORMqATI/l1W,304" SATURATION FACTOR IS INSIGNIFICANTI ROLL 1.70
3002 FORMqAT 1IK.OSIGNIFICANT NAVE HIIGNTiSl tMETERS1 so,SI,107.21 ROLL 479
3004 FaRMAT(/1E.*0ISPLACENENT (M. TONS) 0423K,F?.0,IK 'LEM(GTN BETiEEN ROLL 400

6.60 ZPP 1INETERS$ -- 4K.XF7. 1/IK. DRAFT 14ETERSI -0 26K.F?.2/IX, ROLL 461
2'TRANSVERSE METACENTRIC HEIGHT ("ETERSI so2KF.IIK'NFTACETER AS ROLL 402
2OVE qUOYANCI CENTER (NO -04l.FT.2fIK.'ROLL PERIOD ISECOMOSO -4P ROLL 403
Zt9X.F?.2/lK. 00 *".39XFY.31 ROLL 4811

3010 FORMAT lIMI.SA1O1/1K.'SIGNIFrCANT WAVE NEIGNT B*F?.2,' METERS' ROLL 4115
46, 2 / LK 6000A ROLL 401

2L. WAVE PER130 -*F?.20 SECOt4OS'llK'SNIP SPEED -0 FS.190 KNOTS') ROLL 4.0?
3024 FORMAT (/lIK.'ROLL STASILIZATION WILL IOE CALCULATE) FOR 'I3 ROLL 1.65

2 ' CASES*// IX *FIN AND CONTROL SYSTEM PARAMETERS ARE AS FOLLOWS$' ROLL 1.09
2 1/0 CASE' Z -* '46X U.*A' 7K '1 tOCLIOS)FS% # 4K %XIB *RIOM 4K9 ROLL 490

490 2 '042' 4XK 0N30 4XK 0"40 4X 'GK' 4X 'CV' 41 K'10 4KX'*(2' U K13' 4K ROLL 1.91
2 'At' U.X *At* UK 'AS' 4K '81' 4K '92' 4K '83' /11K '14 SO' SK ON ' ROLL 1.92
2 3X 'PER DES*/) ROLL 1.93

END ROLL 4946
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SUBROUTINE ITRIG 7./TI4 OP~aG ROUNOw*l TRACE FIN 4..6/l68 1258

ISuSqOUTIN_ ITRISIGIORETURNSIA960 CSE 2
CO"NON I TATH/sTATIPRCN.NTRY, ZguluuITV.PSN, WITVP TRIO I

2 PHMWPRINT I& ItIT RATE401NZ TRIO b.
DATA ITERATNITHITIEATH/ TREO 5

SIF INTR.T.161 WRITI*I0069989 TRIO A
IF 114TRY *GT. too ETURN C TRIS r
IFIIPRINTEZ3 EIO.tTRAT") *ANO. IINU .90. 13 .440. fUTRY.I3.13 TRIOQ a

2 URtTE1I.S1g0 TRIOQ I
GP a STAYSSIG TRIS I$

10 IF ItPOMNVI E10. IIIRATHINIIB663VIN.TYPIPI TRIO 11
2 VYPN,G9p*Gpm TRO 12

IF ISP *LT. .911 RETURN 6 TROQ is
IF 11NTRY EQO. 11 60 TO 20 TRIG4 lb
IF 1ASI - OP/TI *LI. PROM)l RETURN 3 TRIO is

15 YPP1 a lG*'lVP - SP*ypEiII/IEvP - IPHil - ISP - SN101l TRIG 16
VID1E1 a VP TRIO IF
GPNI - GP TMIO t6
VP - VPPI TRIO 19
IF IIPRINT121 EQO. ITERATIO) WRITEIA.6s $1 V*,INU01TRY 9PMIN*VPPIt TRIO 26

26 2 voVPMIGpeGpN1 TRIO it
RETURN A TRIO 22

20 GP41 G P TRIO 23
yWIII 0 .) TRO 216
Vp a GP/2.0 TRIO 25

25 IF ItPRI#4T121 EQ0. ITERATNWO RIT II.6ISSOIVIWTRVPNI04VPP1. TRIO 26
2 YP,YPN19G*,GPM1 TRIO I?

RETURN A TRIO 26
1.S93 FORNAT4EIN - ----- PROGRAM STOPPEO SECAAISE ROLL FAILEO TO CONV TRIO 20

2ERGE WITHIN 10 ITERATIONS------U ITO so
30 6160 FOR4ATIIXv3I5,IFI0.31 TRIO 31

$101 FOq'AlI //*S 9 IV* 93X**I*U* ?X o *"RV *04Xq *Pw"wS.IW,'VP1o.73.'*P* TRIO 32
2,7X* 'P-1*vK9*P0,p76,0P-I0/) TRIO 55

E40 TRIO 314
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SUSROUTINE BRUSSP 76/7f# OllTin ROIB~vfI TRACE PT'S 4.06 1112S/?g 11.29.30

ISUBROUT!WE SRWSSP 0 I6WNis~i*TM ~ s GOLm# uss a
Caaaaafaaaaaa..aaaa~aaaaapaaaaaaaaaaaaaa muss ane gsDs

C CO"PUTES IREISCMMEIOER WAVE SLOPE SPECTRUM Buss4
REAL K Buss 5

5 0114ENSION dIN),SINI OSS &
DATA A.9,P!.6 1167.06269IV. 240.3.14592Y*2.17251 Buss r

C I TNODAL a 2.76 0 SISPN*.S I BESS A
TW00AL4 = 140O41.6% BussI

to C FOR PI EPSON- MOSKOWnTZ SPECTRA- TMOOEAL* a s.0mas $160*002 GUS$ 11
CO'sa - A S 5JH14492 I TMOS*Lf# BuSS it
C1N2 a B I NOOAL4~ Buss is

AR; a CON2 Nib muss I?
IF CARS Gf. i00.1 34f) a m. Ms to
IF CARS .61'. SO110 60 TO 14 mulss 19

Caaaaaaaaaaaaafhlaaa~aaaaaaaaa..aaaaaaaaaaaaaaaaa uss am
20 C IR.-TSCMNEIDER WAVE HEIGHT! SPECTRUM mluss at

Si$a C0111/09 0 EXPe-ain, muss 2a
Caaafa asaaaaaaaaaaaaaaaaaaaaaaaaaaaa muss 23

Ka 3501.*001I19011 1 12.6PI461 Buss as

C mPETCWNsE12Ef WAVE SLOPE SPECTRUM Suss a?
S411 a KsS*K Sill mluss am

10 CONTINUE muss to
RThURNS muss am

30 ENO0 muss at
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SIUROUTINE ALGENG 7#6171b OPTS$ ROM8m4j TRACE FTI A.669 111217M 11.25.39

Ic ALO 2
C --- VERSION 3 COC 6706 - A L Oft N G JANUARY, 1974 ---- ---- &Loft 3
C --- S. BALES ---------------------------------------------- -ALOEt
C ALOE S

S SUBROUTINE ALGENO IN.SARkEA1 ALOE 6
*ALOE 7

:THIS SISOUTINE "OHPUTES THE AREA UNDER THE CURVE FOE a PARTICULAR ALOE 6
*SPECTRUMq. AN 000 NUMBER OF POINTS IFEEGUENCIES1 SHOULD SE USED --- ALOE I
6 ALOE to

is INTEGER ERROR ALOE 11.
OENff"SION -tiniest*) ALGR it
DATA ITAGIOI ALOE is
DATA El0SSS6IJALOE lf#

C ALOE is
is ERROR - 10 ALOE 16

IF fERROR *EQ. 101 ITAS a f ALO I7
F RRO't.0 ALOE is

NI-Nil 5-.03 ALOE is
AREA0 - 0.,SSl5'(NSI) -Nil ALOE &I

20 ""~-2 ALOE &I
AREASO. ALOE I
TEIP a 0. ALOE Is
AREAZ a ARE-A3 - 0. ALOE 24
NO4EGA - I006N.025 ALOE 25

25 00 20 NIl.NI,2 ALOE 26
Auf(014,2-W(41 ALOE 2?

4SuWS 4#2)-W1l1 ALOE to
CuSH*1l-W1,11 ALOE to

PAREA *a'AI'SN'3#.)(C*SlASSO ALOE IS
30 2 Sf'4.21"52.*A-3.*C1/fAPOI) ALOE 31

TENP *PARIA ALOE atI PARfA *LT. .)EI S.ALOE 3
AREA a AREA * TENP ALOE 3r#
IF SPAREA *GE. 0.1 GO TO 20 ALOE at

35 IFI-PAREA.GT.0.10"AREAP ERRORuI ALOE 36
20 CONTINUE ALO 3

PAEA x0. ALOE so
Ir (AREA .. E. S.84S010I GO TO 18S ALOE so

C ALOE AS
40 C --- SEARCH FOR SPECTRAL CLOSURE ---------------------------------- -- ALOE %I

C ALOE fAl
TElP a 0. ALOE 43
SMAN 2 5511 ALOE 16A
ITSST a I ALOE AS

Aes 00 30 1-.4 ALOE AS6
30 IF ISM1 SGT. SNAXI SHAN St5) ALO A?

XIOPRCN - S. IOVSNAX ALOE Ats
SO ITEST a ITEST *I ALOE AS

IF SITES? .EO. 2) Jul ALO so
so If SITEST *EQ. 30 Jin* ALOER s

IF 1SMSNS-SSJ11 *LE. EPS I ERROR a ITEST ALOE Or
IFS ERROR *Ea. 23 .*. 4ERROR NE.311 ITAG aI ALOE Ss
IFS ERROR EQ0. 21 *AND. SITES? .90. 201 TEMP21ESA.AREA9 ALOE St#
IFS ERROR *EQ. 21 *ANS. SITEST EQ6. Ell AREATENP ALOE 05

55 IF 55(JI S~T. XIOPRCNI ERROR a ITEST * 2 MOER to
IF I(ERROR GTo It *AND. (ITAG *E.S3 ITAO a I ALOE of
IF 11J .10. Of *ANO. SERROR.EO. 4M) 00 TO It? ALse so

47



SUBROUTINE ALGNG 74./74( OPTuO ROUNOsD/ TRACE FTN ' S.6046 11/26IrT 11.25.36

IF (4J EDe N) AND. tERROR *LT. 511 GO to lea ALGA so
IF ((ERROR *EQ.41 ,OR. fEROR .1. 5PIO TO 60 ALGA 0,

Go IF lITEST .LT. 31 60 TO 50 ALGA 6S
GO TO 108 ALGA 62

C ALGA AS
C D----- DRAW A STRAIGHT LINE THRU FIRST (LASTI TWO SPECTRAL VALUES ALGA G4
C -- O THE ASS.ISSA AND0 ADD ON AREA FOR CLOSURE AT LOW 10NI601 ALSO 65

f5 C ---- FREQUENCY "O .------- - - - ....--- -- -------- - ALGA 66
C ALGA 6?

6O IF ((ERROR.EG.5I *ANO. (SJI.4t. SIJ-1)5IGO TO 75 ALGA Go
IF (CERROR.EO.I1 .ANO. IS4.1GE. SIZ 31160 TO 50 ALGA 69
IF (ERROR oEa. 4: JZ ALGA 7a

To IF (ERROR .ES. 5) JUN ALGA ?I
SLOPE a IS(J-1) - S1,J3)/|IJ-j5 - till ALGA T2
IFISLOPE LE.O0.) 60 TO 70 ALGA 73
SLOPE a AMIM1I-SLOPEt-1.O ALGA 1 4

70 IF IJ EQ. zs J - I ALGA 7g
75 AMEN - -0.5 * S(JI**2 i SLOPE ALGA To

IF (ERROR *EQ. ) AREAR a ANINI(AREASANENI ALGA Ty
IF IERROR *EQ. 5) AREA3 a ANEN ALGA 7a

75 TEMP - ARE4 + AREAZ # AREA3 ALGA 79
IF (J *LT. MI GO TO S ALGA so

s 1t7 TEMP x AREA * AREAZ AREA3 ALGA 61
AREA a TENS ALGA Of

1OO RETURN ALGA 0
C ALGA Vo

ENO ALGA 65
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SURROUIINg FINSTAR 7tfl. OPT-0 ROtRIO.*/ TRACE FIN 4.60blil 11/26fro 11.25.3S

SUSROUTINE FINSTAB 41SI, RETURNS IAAA,9ISI PST r
*PST 3

*SUBROtJT14E TO PREDICT STARILZEO 4FKNI ROLL 40TION USING CONOLLI AND PSI
*Col. * S 5

REA PST r

C04ONPOIITNISTATPRCNNTRY,tNU.KNUIVGPGPPI,YPY~vPPl, PSI a
2 PNIN.IPRINTIS) ,ITERAIE,WPNI PST 9

C0NNON /STAS/ NSVAS.lII,AREA(10),RilOIOCLOIFS~iflSNSIIS) PSI to

2 AlIIOI,A21101 *A31101,0h(10),52411,3111,ANPUI13IOANPSI,131. PST I2
2 DUJC (5.ei.SSIGLC( 10.13S.NNU,ILCISCNE (40,3S*, PST Is
2 SSIGVLC(13913).SSIGVSC110*131, FSt 14
2 S9.RI.0.3 1.I(4I, NN.COS1(3Sl,COHl.SSR6SCtIOv1Z1, PST Is

Is 2 VFS(1.0IS*LB.G" , SNOILCIIO.130, FST III
2 8NOTSCIIO,13).SVELSC II0.131,SVELLCilO,131,8510P151.UVELNIANES( FST I?
2 0'SAT.ITEST41O.130 FSI to

014ENSION SN0UR(350SSSUI4S3SI.FtNI'.#O,35IFiSVE.S,35),SNSURI35), PSI is
2 SVNOUR(35).SSWE'.0,3S),SVNSURI3SI FSI 20

20 DATA RNO/1.q9 * PI/3.l'.15926/ PST 21
*FST 22

:INITIALIZE. PST 23

w-I S PST 25
25 ""-"IN) FTa

AM~A-AREA141 PSI P?
RR-RIN) PST to
0 OMfORF-OCLOBFSINI PSI to
NNHO:NO IN) PST 30

35 41NlII PST 31
NN2.N 2 (N) F SI 32
HKS.N31H FN SI 33
NNI..N*.IN) PST 3
GGI.GItNI PST 35

3S GGI=6V(Nl FSI 36~KKI1ND PST 3?
KKZ-K2 (NI FSI 35
KK3-K3(N) PST 39
MAIM N PSTI 4

46 A*.2(N) PSTI4
AA3-A3 (N) FST 4
811.81 (NI PST 1#3
882s82(N) PSI ##b
003. 831N) PST 4S

45 CI3:R"O*VrS I VI*YFSIIVI ONA AREA ORR/ 101SPLSGN) FSI 46
SSIO 1.0 FST ##?
ISOC 0 FSI %S

75 DARqPSINIu - OUC(1V.lv FSO# 49
IF (ITERATE *EQ. 01 GO TO 90 PST so

so NT4T 0 FSI SI
y* 0.0 FST 52

80 NIRT - NTRY * I PST SS

0ANPSIN,14UI a OUC(IV~l).l.lt*OUCEIV,2)*X'*0.772 * .06'UCIIV*3 FSI 55
so W1' *b.00*3UCIVhI*X*2.0 0 9.f4S*DtIC(IY.I*K**3. 0 F SI S6

2 24..OSOUC(IV#6I-XSOi.S FSI 5?
90 PM1S *SSIGVLC(IMUMUD SSI6WSR(N.INUl u . PST so
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SUBROUTINE PINSTAB 7'./71. OPT-0 ROUND-*/ TRACE FPTN I.64-b60 11126I79 11.19.38

BNOTSCIN.IRfU)mBVELSC(N.INUI.BN4OTLCtN.1IU.SVELLC(I'IUI a 6. PST S9

66 'BEGIN LOOP OVER SPREADING ANGLE 4NUS. PS? 61
F ST 62

IF IISC *E2. 00 NNU - 1 PST 63
DO 4.08 1W a 1,NNU PS? 6'.

6S :BEGIN LOOP OVER WAVE FREQUENCY. FS? T
F ST 67

0O 266 FWN TS 60
NNEWEIINU) PST 6o
NESO*WME*WWE FST 70

TO TUNP - WE41II WIMPHI FST 71
BA - 2.*DA4PUIINU)*TUW FST 72
A - 1. - ?JNF*TUNP FST 73
CA - SORT4IAA # BA*BAI PST 7'.

79 :CONFUTE EFFECTIVE LIFT CURVE SLOPE. PST 76
F ST 77

OCLOBE - M40 # HNI1*NNE # HH2*WESO MHN30WESO*NNE a NO-61NESOONES4 PST 76
OO.OBE - 0^L DOE *DCLDBP'1LOW 3.141992G PST 79

a6 *COMPUTE AMPLITUDE OF PIN ANGLE TO STABILIZED ROLL. PS? 61
* PT of

KR a KKI - WESOGKK3 PS? 03
K! - WME*KZ PST at#
BR a 9B1 - NESQ4993 PS? 9

69a -I WE*92 PS? 6
CON'..KR*KR 6KI*XI PST o7
CONS - BR03R # 91481 PS? 09
BAONS - GG'C'GGV *SORT 4CON'/GON9, PST as

96 AR - AAI - WESO*AA3 PS? i1
Al * MWE*AAZ PS? of

933 - 2.*UA4PS 1N.IUI*TJNP PST I".
CS - SORT1A'A + BS*931 PS? 99

95 CON6 * AR*BR - A1691 PST 96
CON? a AR031 AZO'W PS? or
COMO - AROAR + AK'S! PS? 96

SAONCSP - SSM'CON3'OCLOBE'BAONSI ICSOSORT ICONS) I PS? I9

100 COSKSI IKR*CON6 + KI*CON73IS9RTICON'.'CO6C4qN9l PST I
SINIKSI IKIfCON6 - KROCON I/ SORT( COHiCOMG *CON9 I PST to2

:COMPUTE ROLL REDUCTION FACTOR POR THIS PREQUENCY. PST 10'.

169 SONU - CA/CS/SQRII.aZ.'SAONICSP'I(A'COSKSI# PS? to6
2 BS'SKNOKSIOICSPaSAONCSP'SAONCSPI PST 10?

:CONPUTE STABILIZED ROLL , PIN NOTION, ANto PIN VELOCITY SPECTRA. PST 16

110 SSUItIIUI SURCININUI 0 SONU * SONU PS? Ill
SSVIININJI *SSUIW,INUlfNESO PS? 112

FINPIIN,1NU a SSUIIN,INUl 4 GAONS$ BAONS ICON$ PST 113
FIRMV11.1f FrkPINIIUt * NESO PS? lit#
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SUBROUTINE FINSTAB 7a4i?16 OPT-0 ROUNO.*I TRACE FmW '.6*460 11/26/t9 11.25.30

its SEND OF LOOP OVER WAVE FREQUENCY. FST 116
*FIT 117

200 CONTINUE FST 11
F FT Ii9

:DETERNINE RNS ROL.L. FIN NOTION. AND FIN VELOCITY VALUES. FST 128
129 FIT 121

CALL ALGRN; 4NNNIIUEIINUSINSlURIIWUll FST 122
CALL ALGRtGftN,NIIVI1.IWUI,VNURIINII ~ FST 123

CALL ALGRNB IN,,INIIUNUIIPII FST 124
CALL ALGI R4NMFINV1,ImUl VNUI fNoUll FST 121

12S FIT 126
'STORE LOMGCRESTE3 VALUES (NO ITERATION OVER ROLL DAMPING IS DONE). PSY 12?

* FST 126
IF UISC Go.6)6 TO 21 0 FST 129
SStGLCIN.IIU) sal I STI SumfEIRUl FIT 130

136 SSIGVLC(N#.ZN4USORTISWSUREINIUII FST 131

ONOTLC:N:14U) - SORT lS6UR IINUlI FST t32
BVELLC kIlul , SR It URIUll FSI 133

4IF 1ITERATE *. 036 TDU FIT 1316
SSGVNLC - SSIGVLCINsINWI/WPNI FST 131

135 Poff! =OAN0SfN,INUl FIT 131
CALL ITEOSSGVNLCI. RETURNSISO941S,9001 FIT 13?

*FIT 136
*BEGIN SUNNING OF S"ORTCRESTEO RESPONSE DATA. FIT 139
0 FIT 1140

1160 210 PHIS - PHIS # COSI EINUMMIOUR I tou) FIT lot1
SSIGVSC4W.INU) - SSIGVSCIN,INUl 0 C0514INU14SVNSIURINUI FIT 142

8NOTSC:W:1IU) :SNOTSCINNU * CO~i(I"NU3lq9UR(IWI FIT 143
IVELSC(N U 14 *ELIC ON),U * COSU INU3'VNIUR IINUI FST 11

* FIT 11,5
1465 SEND OF LOOP OVER IOU. FIT 1166

*FIT 1 4?
400 CONTINUE FIT 146

IF (ISC *E3. 0) GO TO Bo0 F ST 1149
PHIS - SORr(C0N1.P"ISI FIT Ise

is@ SSIGVSCIN.INUI - SORT(CONl9SSIGVSC EN.INUI) FST 111
SNOTSCINoIIUI - SORT ICON1'SNOTSCN, tNU)) FIPT 112
0ELSClNI4UI - SORT ICONI*BWELSCIN, THU)I FIT 113
IF ITTERATE *EQ. 00 GO TO 210 FIT 114
SIGVO a SSIGVSCINI"UlNPlI FIT M1

111 PHtN - OAN'IIN,INUl FIT 116
aCALL ITRE24SSGVOMI, RETURNS4SS.IIS,9001 FIT is?

210 SSISSC(NliNJ - PHIS FIT 11
IF 14MSAT.EQ.01 .OR. IISOX.E0.£3I GO TO 660 FIT 119e

Xl = ISSTOP(IVIISVELNAX(IV))=(SVELSCIN,INUIIUNOTICIN.IWU)) FIT 160
160 X 2 Sim SINEK FIT 161

F *(/II1K/Xll FIT 162
Y * OS TOP,(I'I #EUNOSC NIU;' :0014t11 FIT 1:3

SI - 1/It - x 2141l1H F-1 I ERRFIVI I F - ll*X29ERRFITII2ll FIT 16%
IF (SIN .2E. .96) GO TO 676 FIT 161

£61 ION x 1 FIT 166
GO TO 79 FIT 16?

670 ITEST INIWU) 1"6N FIT 166
666 RETURN AA FIT 169

g@RET URN 66 FIT I76
176 END FIT 1,1
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FUNCTION E14F 71./?46 OPT.0 ROUND~S/ TRACE Fill 4..A1bAO Illl6irg 11t5

IC tow
REAL FUNCT13M (IRQFfX (IF 3
DATA Pf.470'7l ,Cl/.34&SOT/ *C2.4-.09sOIs 411p.?776 EF 4

IF tA9SIXl *GT. 15.) GO TO S (IF 5
5 T -- IM Do* *'XI 6I

ERRF a I - Ed'? * C2*T*? C3*T*T9?I'EXPI-Xl EoF I
C (IF 1 A

GO TO 10 cow to
10 5 F:!qf 1. F it

10 RETURN (IF it
END (IF is
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APPENDIX C

SPECIAL ALGORITHMS

ITERATION OVER ROLL-ROLL DAMPING EQUATIONS*

If roll damping coefficient n is independent of roll angle (as, for

example, in some cases where bilge keels are not appended to the hull),

FINCON executes with a unique value of n for each required ship speed.

However, as has often been found through model experiments, roll damping is

dependent on roll angle, as well as ship speed and natural roll frequency.

Thus, the program requires a different input description of roll damping.

As described in the section of this report entitled Program Input, n is,

in this case, defined by

nIR m do + 1.61 dqy
0 .7 72 + 1.88dly + 4d2y

2 + 9.4d 3y
3 + 24d 4y

4  (7)

where y = o;/w and the fractional power q - 0.772 arises from the tur-

bulent skin friction contribution.

Thus, the computational problem is then to solve the roll equation of

motion involving * for the correct value of nIR.** This has been accom-

plished by finding the intersection of the known curve of Equation (7)

(i.e., nIR - f(y) where y - o/w ) and the initially unknown curve g -
g(niR), which is computed from the solution of the roll-rate equation of

motion, using the roll damping value n iR

The solution is found, in brief, by the following procedure as applied

to the example of Figure 4:

1. Assume yo S 0, determine n = f(0)

2. Using no, solve the roll-rate equation of motion for

g(no)

*Taken from future report already under preparation by Cox.

**The subscript IR is used here since it is assumed that motion is
taking place in irregular waves.
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nl do q + , + d2 y 2 + d 3+ d4 y4
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step of the iteration. If the test is satisfied, then the iteration

is terminated and n p, gp is the required solution.

In FINCON, e is usually taken as 0.01 and is called PRCN in the pro-

gram itself. This means convergence is attained when I1 - g p/yp < 0.01.

Table 6 provides a typical printout of the steps when lPRINT(2) is input as

ITERATN. IV indicate3 the speed, such as the first; IMU indicates the

heading, such as the seventh or 90 degrees; NTRY indicates the numbers of

attempts; PHIN indicates the latest selected n value; YP+l the latest

calculated roll-rate value (divided by w); and g 1  y 1 g- 2  and y

are the previous calculated roll-rate values (divided by w), going back

in time. It should be noted that the printing occurs at various steps

within each repetition of the iteration rather than just at the end (or

beginning) of each attempt. In the particular case listed in Table 6, the

first seven lines refer to the unstabilized case, while the last five

refer to the stabilized case. Also, it is recalled that the iteration is

operating over either the long-crested or short-crested RMS roll rate.

A similar procedure, implemented in the Navy Standard Ship Motion Program

(SMP-79) (six-degrees-of-freedom) operates over the resonant region of the

(long-crested) roll transfer function. Also, the roll-rate values actually

used here for the internal testing (e.g., in step 5 above) are usually

taken to be the sLatistic which corresponds to the experimental data

described by Equation (7). In all cases, the RMS, single-amplitude roll

rate is used. The second page of Table 4 provides a further illustration

of this example.

GENERALIZATION OF COSINE SQUARED LAW FOR
SHORT-CRESTED SEAS

In general, a 15-degree cosine square spreading function about + 90

degrees is used for calculation of ship motions in short-crested or multi-

directional seas (e.g., see Reference 3). However, it has been found in

calculations done previously, that a more refined angular spread may be re-

quired for roll-motion calculations at higher ship speeds. This is due to

the highly tuned nature of roll motion. That is, when considering RMS

55



roll motion across all ship hc -" -- at high speeds, the maximum values

may occur in between the standard 15-degree increments of heading; and, if

not considered, some loss of energy may be noticed.

Therefore, a FINCON program option is available for varying the

spreading angle used. Spreading angles of 5, 10, or 15 degrees may be

specified on data card 9. Though the spreading is thus varied, the pre-

dominant heading angles are never varied from the usual 15-degree

increments. Table 4 presents results when a 15-degree spreading is

specified. In general, either a 15-degree spreading (e.g., for lower

speeds) or a 5-degree spreading (e.g., for higher speeds) is recommended;

although no specific guidelines for the use of either are currently

available. A major difference between the two angles is, of course, in

program run time and, thus, in cost. A typical 15-degree spreading run

may cost as much as 68 percent less than a 5-degree run. In general, 10-

degree spreadings are not recommended, because irregular trends across

ship headings may be perceived. For example, for a 75-degree predominant

direction, the 10-degree spreading angles are at -15, -5, 5, . . ., 155,

165 degrees; and, for a 90-degree predominant heading, they are at 0, 10,

20, . .. , 165, 180 degrees; while for 105 degrees they are at 15, 25,

35, . .. , 185, 195 degrees. If roll is highly tuned, then adjacent short-

crested RMS roll angles may appear to have erratic behavior (e.g., decrease

at 75 degrees, increase at 90 degrees, decrease at 105 degrees, etc.).

This is due, numerically, just to the difference in the base spreading

angles in each case.

The algorithm implemented in FINCON to provide this generalization in

the short-cresting procedure is defined by the following:
1. Let I be the specified spreading angle (5, 10, or 15 degrees)

or angle of constant energy

2. Set £ - (180/1)/2

and c 1A

3. Then,

(t-l)
2 2 jA+ Cos2 tasc c U n I+/FIp-- (t-)
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where a 2 a squared long-crested RMS roll or variance

- predominant heading angle

a2  - squared short-crested RMS roll or variance.
sc

The only interval required by the algorithm is I, the angular interval over

which a constant wave energy-ship response is assumed.
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